Introduction: We assess trends in opioid administration and prescribing from 2005-2015 in older adults in United States (U.S.) emergency departments (ED).
INTRODUCTION
Debate continues about the use of opioids in older adults. This conversation is complicated by the significant knowledge gaps regarding the safety and efficacy of opioids, factors that predict positive or negative treatment outcomes, approaches to minimize adverse effects of opioids in older adults, and concerns of addiction and misuse. 1 However, pain is a common symptom experienced by older adults: studies have shown that approximately 50% of community-dwelling older adults experience daily pain, which has a negative impact on physical and mental health-related quality of life. 2, 3 Poorly controlled pain in the outpatient setting increases the number of falls, decreases mobility, and raises the risk of coronary artery disease and mortality in older adults. 4, 5 In an inpatient setting, poorly controlled pain has been shown to lead to longer hospital stays, missed physical therapy sessions, decreased ambulation, and delirium. 6, 7 Managing pain in older adults is a challenge, given the need to balance the effectiveness of the medication, adverse drug effects, and the potential for drug-drug and drug-disease interactions. Opioid pain relievers control pain, yet they carry risks including constipation, dry mouth, nausea, vomiting, dizziness, somnolence and pruritus. 8 These risks are magnified in older adults. 9 Some recent studies have shown that older adults are less likely than younger patients to receive analgesia in the emergency department (ED) for acutely painful conditions and have advocated for increased opioid administration in this population when presenting with painful conditions. One single-center, retrospective observational study revealed that older adults presenting with moderate to severe pain were significantly less likely than younger adults to receive an opioid in the ED. 10 Another single-center study revealed that patients ≥ 80 years presenting with an acute fracture in the ED were less likely to be prescribed an opioid upon discharge than patients < 80 years (55% vs. 75%). 11 A national study revealed that adults ≥ 75 years of age were 14.6% less likely to receive an opioid analgesic for painful conditions in the ED than adults 35-54 years. 12 These results need to be weighed against current research that has shown large increases in opioid prescribing over the past 15 years to the adult population and adverse health outcomes that may be related to increased opioid prescribing. From 2001 to 2010 the percentage of ED visits in which an opioid was prescribed increased from 20.8% to 31.0%, based on national-level data. This study further noted a 6.6% increase in opioid utilization to adults ≥ 65 during the studied time frame. 13 The number of opioid prescriptions per 100 people in the United States (U.S.) increased by 35% between 2000 and 2009.
14 This has been paralleled by increasing rates of opioid addiction, overdoses, and deaths.
15
Older adults are increasingly visiting U.S. EDs. 16 When ED visits involve acute or chronic pain, ED providers must balance medication risks and benefits when making decisions on pain-control strategies. No studies have examined recent trends specifically in older adults. In this study, we used a nationally representative sample of U.S. ED visits to assess trends in opioid administration in the ED and prescribing at discharge for acutely painful conditions from 2005-2015 among older adults. We focused on the use of specific analgesics, reasons for visit, demographic and hospital factors, as well as pain severity.
METHODS

Study Design
We conducted this study using data from the National Hospital Ambulatory Medical Care Survey (NHAMCS) from 2005 to 2015. NHAMCS is a multi-stage probabilistic sample collected by the National Center for Health Statistics (NCHS) at the Centers for Disease Control and Prevention (CDC) using an annual survey of hospital-based EDs. Using NHAMCS, it is possible to generate national-level estimates of characteristics of ED visits, including patient-level characteristics, such as demographics, reasons for visit, diagnoses, services provided, and patient disposition, as well as hospital-level information, including the geographic region and teaching status. Because NHAMCS is a de-identified, publicly available data source, this study was exempted from institutional board review.
Methods and Measurements
We analyzed NHAMCS data from 2005 to 2015. Beginning in 2005, NHAMCS indicates whether a medication was administered in the ED or prescribed at discharge, which is why we used 2005 as the initial time point in analysis. To ensure analyses were consistent with NCHS recommendations that raw sample sizes for subgroup analyses meet or exceed 30 cases, we combined data into two-year blocks for most analyses. Thus, comparisons in this study were between 2005-06 and 2014-15, except where otherwise noted.
Our sample was restricted to patients who presented with a painful reason for visit; all such reasons for visit are included in Appendix A. Subgroup analyses were stratified by age group (18-64, 65-74, 75-84, ≥ 85), sex, race, disposition, geographic region, utilization of hospital resources (imaging, procedures, and blood work) and pain type (chest pain, abdominal pain, back pain, musculoskeletal pain, dental pain, and other pain). Hospital characteristics analyzed included the teaching status of hospital. We also analyzed self-reported pain scores, with pain scores of 8 or higher categorized as severe pain and scores of 7 or lower categorized as non-severe pain.
We also examined medications used during ED visits. Medications were classified generally as opioids; specific drugs are available in Appendix B. We analyzed the use of specific, commonly used opioids, including codeine, hydrocodone, hydromorphone, morphine and oxycodone.
Data Analysis
To examine trends in medication utilization, we tabulated survey-weighted proportions of visits in which patients received opioids, stratified by subgroup. Differences in proportions by year were tested using survey-weighted chi-square analyses. To compare proportions in the grouped years at the ends of the study period, we used survey-weighted linear combinations of estimates. To investigate factors associated with opioid utilization in patients aged 65 years or older, we constructed a survey-weighted logistic regression model. The regression model was constructed using opioids as the dependent variable. We entered all relevant clinical and demographic variables as independent variables. The odds of receiving opioids were adjusted for age group, sex, race, disposition, region, and type of pain. All analyses were conducted using Stata, version 14 (College Station, TX). P-values of < 0.05 were considered significant.
RESULTS
Trends in Opioid Administration in the ED
The Figure 1A ).
In subgroup analyses of encounters with patients ≥ 65, we found that opioid administration in encounters declined in females from 2005-06 to 2014-15 (absolute decrease of 5.4%, p-value = 0.007), during encounters with headaches (absolute decrease of 10.9%, p-value 0.013) and musculoskeletal pain (absolute decrease of 6.8%, p-value 0.009). There was no change in administration for the other subgroups or by specific types of pain (Table 2) .
Trends in Opioid Prescribing From the ED
The NHAMCS database included 15.0 million ED visits for painful conditions in encounters for patients ≥18 years old who were prescribed opioids at discharge from the ED in 2005-06 and 13.3 million visits in 2014-15. Comparing 2005-06 to 2014-15, we found no significant change in opioid prescribing to adults 65-74 and 75-84 years of age from the ED. There was a significant decline in opioid prescribing to patients aged 18-64 (absolute decrease of 5.8%, p-value 0.001) ( Table 1 ). When we graphed opioid prescribing over time, we noted a rise from 2005-11, followed by a sharp decline in opioid administration for 18-64 year olds, and less so for other age groups ( Figure 1B ). There was no change in prescribing based on demographic factors or types of pain from 2005-06 to 2014-15 ( Table 2) .
Trends in Specific Opioid Administration and Prescribing
From 2005-06 to 2014-15, hydromorphone had a large increase in administration to adults ≥ 65 with an overall relative increase of 75.6% (Table 3 ). There were insufficient data to determine changes in administration of oxycodone, hydrocodone, or codeine. There were also insufficient data to determine changes in prescribing of hydromorphone, morphine, oxycodone, hydrocodone and codeine.
Marra et al.
Opioid Prescribing in Older Adults in U. (-) = Insufficient data, (*) = Significant finding. CI, confidence interval; ED, emergency department.
Demographic Factors that Predict Opioid Administration and Prescribing
For both administered and prescribed opioids in older adults, there were significant demographic and visit specific factors that influenced usage (Table 4) . Younger age, White race, female gender, hospital location in the Midwest, South or West, admission of patient, a high pain score, diagnostic imaging, ED procedures, blood work, and presentation for abdominal pain, back pain and musculoskeletal pain were all associated with opioid administration in the ED. Patients presenting with chest pain and dental pain were less likely to receive an opioid in the ED. Younger age, hospital location in the South or West, a high pain score, use of computed tomography/magnetic resonance imaging, and presentation for back pain and musculoskeletal pain were associated with higher prescribing of opioids at discharge from the ED. Patients who had blood work done in the ED or presented with chest pain were less likely to receive an opioid prescription.
DISCUSSION
In this nationally representative sample, we demonstrate the rise and fall of opioid administration and prescribing over the decade 2005-15. There were disparities in prescribing by age, where younger patients appear to have greater declines in both opioid prescribing and administration than older patients, particularly after 2011 when evidence of the opioid crisis was emerging in the popular media and in public health circles. However, rates of prescribing appear to be more impacted by older age than administration of opioids in the ED. This may be the case because in the ED, patients -in particular older adults -can be observed closely for adverse reactions. By contrast, people receiving discharged prescriptions cannot be directly observed for adverse effects, which tend to be greater in older adults. Our study also extends prior work that demonstrated a rise in opioid use and administration from 2001-2010. 13 That study, however, analyzed combined opioid administration and prescribing, as prior to 2005 these were not separate variables in the NHAMCS database. Another study that looked at the National Ambulatory Medical Care Survey (NAMCS), found that opioid prescribing to adults ≥65 in outpatient clinics, more than doubled from 1999-2010.
17
Another similar study using the NAMCS database found a nine-fold increase in prescriptions from 1995 to 2010.
18
The reasons for our findings are likely multi-factorial and related to increased awareness of the opioid epidemic and to the implementation of mitigation strategies. The increasing use of prescription drug monitoring programs in the past decade has been associated with decreased opioid prescribing. 19, 20, 21 In the past 10 years the CDC and the American College of Emergency Physicians, as well as several states (New York, Ohio and Washington), have developed prescribing guidelines for opioids. 22, 23 These factors along with a national recognition of concerns for over-prescribing and divergence of opioids may be contributing to the decline in opioid prescribing in the general adult population and the stable usage in older adult populations, rather than an increasing trend.
Prior studies have demonstrated disparities in prescribing and administering to older adults in the ED. These studies had suggested that older adults with acute pain received less analgesia and, specifically, fewer opioids than younger patients in the ED and upon discharge. 24, 25 Our study indicates that while this may be an issue when prescribing opioids upon 
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Opioid [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] discharge, it has not been an issue with regard to administration of opioids in the ED. The noted decreases in administration and prescribing of opioids to adults 18-64, may have contributed to the similar rates in opioid use between age groups. The lack of significant decline in opioid administration and prescribing to older adults suggests that ED practitioners, 29 Yet it has also been shown that inadequate treatment of pain is related to increased rates of delirium. 30 Older adults are also frequently on multiple medications that increase their risks of adverse drug events related to interactions with opioids. 31 Not only are older adults susceptible to drug-drug interactions, but also to drug-disease interactions. A retrospective analysis of national-level data from Germany showed that 72% of patients prescribed an opioid had the potential for drug-disease interactions. 32 A population-based cohort study from Canada found a 37% greater risk of fractures or soft tissue injury with low-potency opioids and a 43% greater injury risk for high-potency opioids in adults ≥ 65.
33
It is also important to note that although opioid addiction and abuse rates are low for older adults with no past medical history of substance abuse, prescribers should be aware of the epidemic of drug overdose deaths related to opioids in the U.S. There was a 200% increase in deaths related to drug overdoses involving opioid pain relievers and heroin from 2000 to 2014. 15 Awareness of the opioid epidemic can likely account for the declines in both opioid administration and prescribing in patients aged 18-64. Judicious prescribing is critical in the older adult population as well. Studies have reported increasing rates of abuse of prescription opioids and worse outcomes following misuse of opioids for older adults compared to younger adults. 34, 35 U.S. ED visits for opioid overdose quadrupled between 1993 and 2010, with patients >50 years of age accounting for a 231% increase. 36 A study evaluating the shifting demographics of patients in opioid treatment facilities in New York from 1996-2012, found the largest increases in utilization of opioid treatment programs were in adults ≥50 and that by 2012, adults 50-59 made up the largest age group in treatment facilities. 37 Given these risks for misuse and opioid-related injuries, the American Geriatrics Society (AGS) recommends using initial assessment tools such as the Opioid Risk Tool and the Screener and Opioid Assessment for Patients with Pain (SOAPPR) to screen for patients at risk for opioid addiction and misuse.
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Over the studied time period, we found unique differences in demographics, visit and hospital-related factors between patients ≥65 who were administered or prescribed opioids. Race and gender only seemed to be a factor in administration of opioids to older adults in the ED, with women and patients of White race associated with higher rates of administration in the ED. This discrepancy was not seen in prescribing of opioids to older adults from the ED. Discrepancies in opioid prescribing have been noted in prior studies, with White patients and women more likely to receive opioids for painful conditions than other ethnicities or men; however, we did not note this difference in our older adult population. 40, 41 Older adults who were admitted to the hospital were more likely to be administered an opioid in the ED, suggesting that patients receiving opioids in the ED may have a higher acuity illness. Older adults with chest pain and dental pain were less likely to be administered and prescribed opioids. This is in keeping with current recommendations for treating acute coronary syndrome, which recommends opioids as second-line therapy for chest pain after the use of nitroglycerin. 42 Recent guidelines also do not recommend the use of opioids for dental pain.
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Specific opioids also deserve further discussion when considering the changing physiology of aging. Although there has been minimal change in overall opioid-prescribing rates to older adults and especially among the oldest old, we demonstrate a shift towards the use of more potent opioids. Hydromorphone had the greatest increase in administration from 2005-2006 to 2014-15 with a relative increase of 76%. Parenteral hydromorphone is 7-11 times more potent than parenteral morphine and eight times more potent orally than the equivalent morphine dose. 44, 45 A prospective cohort trial evaluating intravenous (IV) opioids (morphine and hydromorphone) dosing and outcomes in the ED demonstrated that among patients receiving 1 mg of IV hydromorphone, 15% of patients were over-sedated and 4% were noted to be confused. 46 While we were unable to determine dosing used in the ED, it is recommended that initial doses of opioid therapy for older adults be lower than those employed by a younger population and slow titration should be done in a carefully monitored setting. 47, 48 This concept is even more important in patients who have hepatic or renal impairment. Opioids are primarily metabolized by the liver and create several active and inactive metabolites that undergo renal excretion. 49 Therefore, dose adjustments are required when prescribing opioids to patients with significant hepatic and renal impairment.
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Guidelines have been established to aid the physician in choosing appropriate therapeutic regimens. In response to the paucity of literature on pain management in older adults, the AGS published a set of guidelines in 1998 to establish pain evaluation and pharmacological recommendations for older adults. The guidelines emphasize the importance of completing a thorough assessment of pain, determining the effects of pain on activities of daily living and instrumental activities of daily living (i.e., key tasks that enable safe and independent living), optimizing disease management, and frequent reevaluation for improvement, deterioration or complications from treatment.
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LIMITATIONS
Our study has several limitations. First, it is unclear based on the data whether pain medication was indicated or desired by the patient based on the information available. Neither was it possible to assess for any cognitive deficits in the older-adult populations that may have affected opioid administration and prescribing. Additionally, although the data collection procedures were designed to make a sample representation of the population, there may be inaccuracies. However, the consistency of the NHAMCS methodology should protect against major inaccuracies.
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Because information in the database was obtained from individual ED visits, it was impossible to obtain longitudinal information on individuals or determine appropriateness of therapy. Data regarding dosing of medications are also not included. Finally, the chosen reasons for visits, although reviewed by four authors, did not include all the reasons for visit for which an opioid may be prescribed.
CONCLUSION
In conclusion, we demonstrate the rise and fall of opioids in U.S. EDs from 2005-15, where there were clear disparities by age group, more so for prescribing than for administrations. ED providers need to be aware of increasing rates of opioid abuse and misuse in older adults and should use opioids judiciously. ED providers should also be aware of the multiple published guidelines that emphasize the importance of pain control in older adults, a thorough evaluation of painful conditions, low initial dosages of pain medications, careful titration and thorough follow-up. Further research needs to be conducted into the effects of such published guidelines on opioid use in older adults and the rates of divergence, misuse and abuse in this particularly vulnerable population.
